arXiv: 1509.06135v2 [hep-ph] 26 Oct 2015 


Scalar isovector resonance photoproduction through the final state meson-meson 

interactions 

Lukasz Bibrzyckj3 

Chair of Computer Science and Computational Methods, 

Pedagogieal University of Cracow, Podchorqzych 2, 30-084 Krakow, Poland 

Robert Kaminski 

The Henryk Niewodniczahski Institute of Nuclear Physics Polish 
Academy of Sciences, Radzikowskiego 152, 31-342 Krakow, Poland 

We construct the amplitudes of nr] photoproduction taking into account the effects of the nr] - 
KK interchannel coupling. The idea of our model is close to the molecular description of scalar 
resonances with exception that apart from the pseudoscalar loops we include also vector mesons in 
the intermediate state loops. These amplitudes are used to calculate the S'-wave cross sections and 
mass distributions in the nr] effective mass region corresponding to the scalar resonances ao(980) and 
ao(1450). The values we obtained for ao(980) are comparable with predictions of other models while 
the cross section for ao(1450) is about an order of magnitude larger than prediction based on the 
quark model. We show that the amplitudes with loops containing vector mesons calculated in the 
on-shell approximation are not suppressed in contrast to amplitudes containing only pseudoscalar 
loops. We estimate the cross sections for the P- and D- waves in the nr] channel. 

PACS numbers: 13.60.Le, 13.75.-n, 13.60.-r, 14.40.-n 


I. INTRODUCTION 

With the advent of abundant data already provided 
or foreseen in near future by experiments like CLAS12 
and GlueX at Jefferson Laboratory, BESIII at BEPCII 
and COMPASS at CERN, new perspectives open in the 
spectroscopy of light quark mesons with particular stress 
put on studying their internal structure and produc¬ 
tion mechanisms. Apart from the tttt and KK channels 
which traditionally evoked the interest in the context of 
studying the properties of scalar resonances, the nij, Stt, 
rjnn and nr]' channels will be observed in photoproduc¬ 
tion, electroproduction, pionproduction and charmonia 
decays, with statistics unreachable so far. 

New data are necessary to address the long standing 
questions of the internal structure of both isoscalar and 
isovector scalar resonances. The common belief is that at 
least the lightest scalars like /o(500), /o(980) and ao(980) 
are not ordinary qq states but rather the tetraquarks or 
mesonic molecules [Tj. In this respect, the radiative de¬ 
cays, where scalar mesons are either among decay prod¬ 
ucts or decay themselves are of special interest. In var¬ 
ious models of the scalar meson structure the photonic 
probes couple either to quarks or to underlying meson 
loops. The observables constructed to describe these 
processes provide the means to discriminate among the 
models ii- The photoproduction can be treated as 
a process providing information complementary to that 
obtained from radiative decays. 

The photoproduction of scalar and tensor resonances 
in KK and tttt channels has been discussed in articles 
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Here, we are interested in the nij channel which in 
the S'-wave is strongly influenced by isovector resonances 
ao(980) and ao(1450). The yp —>■ n^rjp reaction has been 
recently studied at energies below 1.4 GeV [113 using 
the TAPS and Crystal Ball detectors at MAMI. Theoret¬ 
ical tools had been developed to describe the polarization 
observables measured at these low energy nrj photopro¬ 
duction experiments pTlll3j| . Near threshold photopro¬ 
duction of pseudoscalar pairs is dominated by excitation 
of baryonic resonances in the intermediate state. It was 
shown, however, in [l3| that pions emitted in A —>■ nN 
and jN — >■ Att vertices do not combine into the S'-wave, 
thus do not participate in the scalar meson photopro¬ 
duction. This argument also applies to pions emitted in 
the A* (1529) — ^ Att, A —^ nN cascade. Contrary to 
that, the emission of two pions (or kaons) from a nucleon 
line with photons attached to pion lines (plus contact 
terms) is claimed to give the major S—wave contribu¬ 
tion. Mesons /o(980) and ao(980) are then generated by 
iteration of the pseudoscalar loops using the lowest order 
chiral lagrangian vertex. Application of the chiral meth¬ 
ods makes this approach limited to low energies, whereas 
in this work we are interested in the high energy nr] pho¬ 
toproduction corresponding to photon energies around 
10 GeV. Theoretical analysis of the nrj photoproduction 
at this photon energy range is timely and important as 
this is the energy designed for new experiments at JLab 
- CLAS12 and GlueX. 

According to Regge phenomenology, the high energy 
regime of the photoproduction is dominated by the t 
channel Reggeon exchanges. Such reggeised amplitudes 
were used to describe the photoproduction of scalar 
mesons in [l^. Light scalars were treated there as 
molecules or tetraquarks or members of conventional qq 
ground state nonet, while various scenarios of mixing 
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between isoscalars and scalar glueball were tested. In 
the case where ao(980) (and /o(980)) photoproduction 
is due to the photon coupling to kaon (and pion) loops, 
the respective cross sections were found to be small as 
suggested by the large Nc considerations [EH. Am¬ 
plitudes with t channel vector meson exchange supple¬ 
mented with the final state pseudoscalar pair interaction 
were used to describe the /o(980) and ao(980) photopro¬ 
duction in the K^K~ channel [1,@ as well as the /o^80) 
and /2(1270) photoproduction in the tt+tt” channel @,0]- 
In spite of the fact that these models also engage meson 
loops, the calculated cross sections were found to be of 
the size similar to those obtained with quark and chiral 
models. This can be explained by the fact that suppres¬ 
sion of the amplitudes observed in models which employ 
the iteration of kaon (and pion) loops, does not apply to 
amplitudes where vector mesons like p, oj and K* enter 
the loop. This is precisely the case discussed in M- 

In this paper we propose the description of the photo¬ 
production of scalar isovector resonances as a final state 
interaction effect. In particular we analyze the effect of 
the inclusion of vector mesons in the intermediate state 
loops as compared to previous analyses based only on 
pseudoscalar loops. Our approach is additionally justi¬ 
fied by the common belief that the oq (980) wave function 
may contain a dominant molecular component. In fact 
we extend our model to ao(1450) photoproduction. In 
this case, however, our approach is rather phenomenolog¬ 
ical and based on the fact that the unitary amplitudes we 
use to describe the final state interactions include both 
ao(980) and ao(1450). 

The structure of paper is as follows. General descrip¬ 
tion of the model is given in sectionUT] In sections Hill and 
IIVI we collect the main components of the formalism used 
to describe the initial meson pair photoproduction and 
the final state interactions. Most of formulas contained 
in these two sections were published in separate papers 
but we collect them to make the paper self-contained. 
Section El contains the numerical results obtained with 
the model for the S'—wave and for higher partial waves. 
In section ED we discuss our results, limitations of the 
model and directions of the future study. 


II. STRUCTURE OF THE MODEL 


The dominating decay channels of ao(980) and 
ao(I450) are ttt] and KK. Thus constructing the ampli¬ 
tudes of the resonant irp photoproduction is inevitably 
the coupled channel problem whose solution must take 
into account the KK intermediate states. The model 
described in this paper assumes that the isovector res¬ 
onances observed in the irr] channel emerge as an effect 
of the ITT] and KK interactions in the final state. Con¬ 
sequently, the resonance photoproduction is described as 
a two stage process. In the first stage a pair of pseu¬ 
doscalar mesons 7r?7, K^K^ or K^K~ is photoproduced. 
This stage is described in terms of the Born amplitudes. 


Then the meson pair undergoes the final state interac¬ 
tions described in terms of the coupled channel and uni¬ 
tary amplitudes. The Born amplitude originally contains 
the contributions of all partial waves. Therefore we need 
to project the whole amplitude on the S'—wave in or¬ 
der to proceed with the analysis of scalar resonances. In 
view of the general partial wave analysis this procedure 
can be most conveniently performed in the rest frame of 
the resonantly interacting system. Consequently we per¬ 
form our calculations in the helicity system which is the 
CM system of the interacting TTTy {KK) pair, where the 
z axis is directed opposite to the momentum of the re¬ 
coil proton and y axis is perpendicular to the production 
plane determined by momentum vectors of the incoming 
photon and target proton. Then the x axis is defined 
by the relation x = y x z. The diagram representing a 
complete photoproduction amplitude is shown in FiglU 
where a, m and m' correspond to mesons exchanged in 
the intermediate state. The general form of the 7rry photo- 
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FIG. 1. Diagram for the photoproduction process with final 
state interactions 


production amplitude, which takes into account the final 
state interactions is 

(A M\AT^fj\XjX) = (A i\TIIA.yA)-l- 

r°^k'‘^dk' 

X! / -77rT^Pik')t7TT,-,mTn'Gmm'{X'M\Vmm'\X-yX) 

( 1 ) 


where I4r7 (Knm') is the Born amplitude of the irr] {mm') 
pair photoproduction, is the coupled channel 

scattering amplitude, X, X', X-y and M are respectively the 
helicities of the initial and final proton, photon helicity 
and projection of the nr] system angular momentum on 
the spin quantisation axis z, which is equivalent to the 
helicity of the dynamically created resonance. Gmm' is 
the propagator of the intermediate mm' pair defined as 

^ M^^.-M'm.r'{k')+l€ 

and F{k') is the form-factor needed to regularize the di¬ 
vergent mesonic loop of the diagram shown in FiglT] The 
form factor depends on k' i.e. the momentum in the inter¬ 
mediate loop. The summation in Eq.([T]) runs over inter¬ 
mediate nr] and KK states. As shown in the off-shell 
part of the photoproduction amplitude is rather strongly 
dependent on the value of the cut-off parameter. How¬ 
ever, fixing the cut-off without additional experimental 
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input is rather difficult task. On the other hand, the dom¬ 
inance of the on-shell effects was previously conjectured 
in 0 (which suggests rather small value of the cut-off 
parameter). This is why in the present calculations we 
limit ourselves to the on-shell part of the amplitude. We 
stress that Eq. CD in principle enables the computation 
of the photoproduction amplitudes for any partial wave. 
Here, we are mainly concerned with the S'—wave. This 
is because the experimental situation in the irr] channel 
is much worse than in the tttt channel, to the extent that 
no experimental phase shifts or inelasticities are acces¬ 
sible. So, one is left with models of the ttt] scattering 
[iMi. These models are generally concerned with the 
S—wave and employ the chiral perturbation theory sup¬ 
plemented with constraints of unitarity, analyticity and 
crossing symmetry. Their application is limited by the 
TTij energies corresponding to the mass of the uq (980) res¬ 
onance. As we want to describe also the photoproduction 
of the ao(1450) resonance, we use the S'—wave nr] —>■ Tvri 
and KK ^ TTT] amplitudes described in [ 2 O, [2l|. 

Finally, after momentum integration in Eq.([T]) (drop¬ 
ping off the off-shell part) and projection on the S—wave, 
we arrive at the following coupled channel S—wave ttt] 
photoproduction amplitude (we omit spin indices for sim¬ 
plicity): 

4“ 

'^'KTiKrjlKK'^ {^K+K- + 

where jSir^ ^k~k ~ 

is effective mass of the nr] system, and are 

isovector elastic irr] scattering amplitude and KK ^ nr] 
transition amplitude respectively. The second term in 
Eq. [3] contains the isovector combination of the Born 
amplitudes. ^,^77 and kj^j^ are CM momenta in the nr] 
and KK channels defined as 

~ - {rrin - m^)2] 

1. — _y_ {A\ 


and 

/M2 

kKK = ^^-ml. (5) 

In what follows we use numerical channel indices for the 
elements of the final state scattering amplitude and de¬ 
note tTYT] as Til and as T 12 respectively. 

III. BORN AMPLITUDES 

While constr uctin g the Born amplitudes of the nr], 
K'^K~ and K'^K^ photoproduction we follow the ap¬ 
proach developed for the S'—wave photoproduction in 
and generalized for higher partial waves in Q . The idea 
is to start from a set of Feynman diagrams relevant for 


a given process and calculate the basic Born amplitudes. 
Then these Born amplitudes are projected on the partial 
wave of interest in the s-channel helicity system. For high 
energy applications the reggeised versions of the partial 
wave Born amplitudes are used. It is worth of mention¬ 
ing that the same set of model parameters applies to 
any Born partial wave amplitude which makes the ap¬ 
proach very economical. The parameters, like coupling 
constants and form factor range parameters are taken 
from the Bonn model [ 2 ^ or calculated from radiative 
decay widths, while strong meson couplings are derived 
from the SU{3) symmetry relations (see [J for a list of 
parameter values). So, if we neglect the off-shell contri¬ 
butions, then the model does not engage any new param¬ 
eters apart from those already used in other applications. 

The set of Feynman diagrams we use to calculate the 
amplitudes describing the first stage of the reaction is 
shown in Fig. [31 These diagrams are of two types: type 
I diagrams, where the vector meson is exchanged in the 
lower vertical line while the pseudoscalar is exchanged in 
the upper line and type II diagrams, where vector mesons 
are exchanged in both vertical lines. Type II diagrams 
are the only ones which contribute to the neutral inter¬ 
mediate states as the photon does not couple to neutral 
pseudoscalars. Whereas for charged intermediate states 
both type I and type II diagrams participate. Please 
note, however, that type I diagrams require additional 
contact diagram to secure the electromagnetic current 
conservation. 

The catalogue of both types of diagrams (r=I and r=II) 
is shown in Table HI The first term in parentheses denotes 
the upper vertical line meson and the second term - the 
lower one (we skip diagrams with external mesonic lines 
related by charge conjugation). In principle the model 
could include the pseudoscalar exchanges in the lower 
line but since we are mostly concerned with high energy 
photoproduction these exchanges should be suppressed 
as suggested by Regge phenomenology. The amplitudes 


mm' r=I r=II 

n°V _ (^,t^), {P,P), (P,^^), (w,p) 

K+K- {K,p),{K,ur) {K*,w), {K*, p) 

TABLE I. Summary of meson exchanges in Born amplitudes. 

corresponding to diagrams of FigOhave a general form 
of: 

bmm' — ^ ^ ^ )'^r,mm^ * ^(Q: '^^)^(P: (b) 

r=I,II 

where Jr,mm' is the hadronic current, u(p, s) and u{p', s') 
- wave functions of the initial and final proton respec¬ 
tively and e - polarisation 4-vector of the incident photon 
which reads 

= ( 7 ) 
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FIG. 2. Diagrammatic representation of the Born amplitudes for ttj;, and K'^K intermediate states. 


where 


= — ■^(cos0g7'^7;Sin61q) 


( 8 ) 


and Xj is photon helicity. The photon polarisation vector 
is transverse to photon momentum: 


Q = |q|(-sin6ig,0, cost*,), 


(9) 


and 


cos 9 q = 


- E'^ - |q|' 

2|q||p'l 


( 10 ) 


where p, p\ q, ki and ^2 are the 4-momenta of the initial 
and final proton, photon, pion {K^ or K^) and eta {K~ 


or K'^), respectively. The energies E and E' of the initial 
and final proton respectively as well as photon energy \q\ 
can be expressed in terms of Lorentz invariant quantities 


s — + t 


^ s-m^- 


( 11 ) 


\q\ 


_ t 

2 2M^r, ’ 


( 12 ) 


where s is the yp CM energy squared, t is the square 
of the 4-momentum transfer from the initial photon to 
photoproduced irr] system, m is the proton mass. 

The amplitude defined in Eq.® is then S'-wave pro- 





























































































5 


jected using the formula: 

vZn, = ^j dvysmvmm' (13) 

In our frame of reference the momenta of photoproduced 
pion, i4r+ and (eta, K~ and can be expressed 
in terms of the solid angle il, ie. fci = —^2 = |fc|«;(il). 
Thus ki{k 2 ) is the pion, K~^ or (eta, K~ or K^) 
momentum and k = (sin 9 cos ip, sin 9 sin ip, cos 9). The 
general form of the current used in Eq. ([S]) is 

dr,mm' ~ + ^2/^2r,mm') 

X T ^r,mm' (p “t“ P )i^}- 

Functions ar.mm'j l3ir,mm' and p 2 r,mm' have different 
form according to whether the masses of the produced 
mesons are equal or different. The case of equal masses 
where the mesons m and m' are charge conjugates of each 
other was discussed in the Appendix B of Q. In case of 
different meson masses these functions have a form: 


1 




-2q-k„ 


[-(g • km')iq ■ km) 


-{q ■ km)ikm ■ km')+m^{q ■ km')] , (15) 


Pm 


,mm' 


Q^km ' km') km{q ' km') 
-2q- km 


(16) 


P 211 


,mm' 


kmjq ■ km) - qjrrPm -km-q) 
-2q- km 


(17) 


Subscripts m, m' and vi in Eos. (11511 rZl) refer to upper 
and lower pseudoscalar meson lines and to upper vector 
meson line respectively as shown in diagrams a-d. We 
have put the subscript r=II in Eas. p51ll71) because all 
diagrams corresponding to irr] Born photoproduction are 
type II diagrams. So, in case of Born amplitudes of the 
ITT] photoproduction the summation in Eq. m is over 
diagrams a-d. Functions dr,mm' and er,mm' in Ea. dHl) 
are defined as 


fci or k 2 momenta are factorized out of Eq. (1131) we arrive 
at the 5'-wave projected tensor defined as 

Pr°mZ = vb / 

X {0-r,mm'9^'' + /Sir,mm' + ^2/32r,mm')- (20) 

The only matrix elements of the tensor Prmm' which en¬ 
ter the amplitude are Pr^m' -Pr.mm'i where i,j = 
X, y, z. This results from the definition of the photon po¬ 
larisation 4-vector in Eq. ©• Details of the computation 
of the tensor P^mm' S'—wave are discussed in [3| 

and for higher partial waves in Q. 


IV. FINAL STATE INTERACTION 
AMPLITUDES 

To describe the final state rescattering which may re¬ 
sult in resonance creation we use the model developed in 
[ 2 ^ and specialized to the isovector coupled channel Tviri- 
KK case in [2^[2l|. Here we collect basic definitions and 
results obtained with this model. The S— wave isovec¬ 
tor Trry and KK interaction is described in terms of the 
coupled channel Lippman-Schwinger equations which in 
momentum space read 

{q\f\k) = {q\V\k) +1 ^{q\V\p){p\G\p){p\f\k), (21) 

where V, G and T are 2x2 matrices in channel space. 
In this space label 1 denotes the irp channel and 2 - the 
KK channel. G denotes the diagonal propagator matrix 

{p\Gij\p) =Gi{p)S^j, (22) 


with the elements defined as 

GPp) = 


E - Ei{p) + ie' 


(23) 


V is the interaction matrix which is assumed in a sepa¬ 
rable form 


dr,mm' — 9'yvim9viV2m' {Gy Grp )n^2 (■^7 N{d) 

(18) 

and 


(G^ 

^r.mm' — Q-yvirndviVom' I ^ 

\ 2m 

(19) 

where gv^v^m' and g^^im are meson strong and electro¬ 
magnetic couplings, Gy and Glj? - vector and tensor cou¬ 
plings of vector mesons to nucleon, 0 ^ 2 ( 5 ,^) - vector me¬ 
son propagator and Fr,^]\[]^(t) - form factor in the V 2 NN 
vertex. Terms of Ea. IT^ contained in curly braces do 
not depend on the CM momentum in the Trrj (KK) sys¬ 
tem thus they can be factorized out of the partial wave 
expansion. So, after all terms that do not depend on the 


^ (a, t)Ej; 2 ArA:'(t), 


{q\V^j\k) = Xijgi{q)gj{k), (24) 

where Ay are the coupling constants which in two channel 
case form a 2 x 2 matrix 



A = 

and the form factor was chosen as 

1 47r 1 


9i{p) = 


mi p^ 


■ 


(25) 


(26) 


In Eg. (1261) p is the CM momentum in th channel, mi- 
reduced mass in this channel and Pi may be interpreted 
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as a range parameter. Altogether the model of the final 
state scattering has 5 parameters - 3 coupling constants 
and 2 range parameters. For the Lippmann-Schwinger 
equation with separable interaction we can proceed fur¬ 
ther if the amplitude is rewritten in terms of reduced 
amplitudes Uj 


{q\T^j\k) = g,{q)tijgj{k), (27) 

where the reduced amplitudes Uj depend only on the to¬ 
tal energy. After such substitution, the coupled integral 
equations Eq. m are replaced with a set of algebraic 
equations for reduced amplitudes Uj which can be ex¬ 
pressed in terms of the 2x2 matrix equation 

i=X + Xii, (28) 

where the nonvanishing diagonal elements of the matrix 
I have the form 

hi= J ^^gi{p)Gi{p)gi{p). (29) 


and Kij are dimensionless couplings defined as 


A-. =_ ^ _ 

2(/3,/3,)3/2- 

Jii is a redefined integral given by Eq. 

Ju = 2/3f/ii. 


(37) 


and reads 


(38) 


For the 2 channel case, the elements of the S'—matrix 
can be related to the dost function with the following 
expressions: 


D{-ki,k2) 

D{ki,k2) 


(39) 


_ Djki, -k2) 

D{ki,k2) 


(40) 


S ?2 = S11S22 - 


D{-ki,-k2) 

D{ki,k2) 


(41) 


Equation (1^ can be solved: 

t = (i - A/)"^A, (30) 

where 1 is 2x2 unit matrix. Reduced amplitudes tij de¬ 
fined by Eq. (1501) are proportional to inverse of the deter¬ 
minant 

D{E) = det{i - Xi) (31) 


Given the fact that we do not have at our disposal any 
TTT] scattering data, the only way to constrain model pa¬ 
rameters is to exploit the information on the location 
of the ao(980) and ao(1450) resonances on the complex 
energy plane. We denote these energies as and E^ 
respectively. These are related to poles of the S—matrix 
elements or zeroes of the dost function as implied by 
Eos. (13911 411) . The complex momenta fcj and k^, k^ 
are then used to obtain 2 complex (or 4 real) equations: 


which defines the dost function. The on-shell scattering 
matrix elements Tij (ki, kj) can be expressed in terms of 
the ^'-matrix elements 


Sij — Sij \JkiO^ikj(y.j Tiji^ki^ kj') (^2) 

TT 


where i and j enumerate channels, ki, kj are center of 
mass momenta in respective channels and Oi are defined 
as: 


Ei^Eri 

Ett + Eri 


(33) 


D{kl,k;) = 0, (42) 

D{k^,k^) = 0. (43) 

As a result one can constrain 4 parameters. To eval¬ 
uate the 5-th parameter the information on the values 
of resonance branching fractions was exploited (see [llj 
for details). For further calculations we use the fol¬ 
lowing values of the final state interaction parameters: 
All = -0.032321, /3i = 20.0 GeV, A 22 = -0.068173, 
132 = 21.831 GeV and A 12 = 5.0152 x 10“^. 


and 



(34) 


V. NUMERICAL RESULTS 
A. S—wave cross sections 


Here E^^, Erj and Ek denote the tt, t] and K energies 
in the center of mass of respective channels, dost func¬ 
tion can be explicitly expressed in terms of the channel 
momenta ki and ^2 as 

dd(/ci, ^ 2 ) = Di{ki)D2{k2) — Ai 2 Jll(fci) J22(fc2) (35) 


where 


(36) 


For the L—th partial wave we define the double differ¬ 
ential cross section as 


da^ 

didM^rr] 


1 1 \k\ 

4 (27r)3 i2m?E^‘^ 


^ KA'M|A^,,|A^A)p, 


(44) 

where m and Ej are the proton mass and photon energy 
in the laboratory frame respectively. For the calcula¬ 
tion of the differential cross sections of the ao(980) and 


Eii^ki) — 1 EiiJiiiki) 
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ao(1450) photoproduction we perform the mass integra¬ 
tion of Eq. (HS in the ranges determined by masses and 
widths of these mesons [^. The calculation was per¬ 
formed at the photon energy Ej=7 GeV which roughly 
corresponds to energies accessible in new and upgraded 
JLab experiments. As we are interested in the high en¬ 
ergy regime we use the reggeised version of the photo¬ 
production amplitude i.e. instead of using the normal 
propagator 

m = ( 45 ) 

in the lower vector meson line of diagram shown in Fig. 
dl we use it’s reggeised version 

n(At) = ^ (l - r (1 - 

(46) 

where Regge propagators of p and w depend on trajec¬ 
tories parametrized as av^{t) = + a'{t — with 

ao=1.0 and a'=0.9 GeV“^ and mtj 2 being the mass of 
the p OT uj respectively. The cross sections calculated 
with both complete amplitudes and Born amplitudes are 
shown in Fig. [S] Comparing the Born cross sections and 



FIG. 3. Differential cross sections calculated at photon energy 
= 7 GeV. Solid and dotted lines correspond to integration 
of Eq. (144 II around the mass of ao(980) using complete and 
Born amplitudes, respectively. Dashed and dash-dotted line 
correspond to integration of Eq. (|44ll around the mass of 
ao(1450) using complete and Born amplitudes, respectively. 

complete cross sections, one sees that the combined effect 
of the final state interactions and interchannel coupling 
in regions corresponding to ao(980) and ao(1450) 
is to increase the cross section by a factor of about 2. 
The result we obtained for ao(980) is compatible with 
that obtained in [l^, where ao(980) was assumed to be 
a member of a ground state qq scalar nonet. On the 
other hand our cross section for ao(1450) is larger than 
the corresponding value based on the quark model by 
about an order of magnitude. Note, however, that the 
solid and dashed curves in Fig. [3] describe not just the 


ao(980) and ao(1450) photoproduction cross sections but 
rather these cross sections multiplied by the branching 
fraction to the nr] channel. The minimum observed at 
t=-0.5 GeV^ is characteristic to models with reggeon ex¬ 
change. In ap plications, additional contributions, like 
Regge cuts are used to "fill” that minimum. For the 
same photon energy we calculated the mass distribution 
which is shown in Fig. Here we see pronounced signals 



FIG. 4. Mass distribution do/dM-irri at photon energy E^=7 
GeV. Calculation based on the complete amplitude - solid 
line, and Born amplitude - dashed line. 

of both ao(980) and ao(1450) albeit both on considerable 
Born background. We stress, however, that the status of 
our calculations for oo(980) and ao(1450) is rather dif¬ 
ferent. In case of ao(980) whose molecular component 
may be dominant, the obtained mass distribution can be 
treated as true prediction. The strong signal obtained for 
ao(1450) can not be confronted with experimental data at 
present but seems unrealistic. Thus it may be interpreted 
as indication that this resonance is rather a member of 
the qq nonet than the dynamically created state. In such 
case description of this resonance would be beyond the 
area of applicability of our model. Another possible ex¬ 
planation is that the amplitude used to describe the final 
state interactions does not take into account the nr]' de¬ 
cay channel of the ao(1450). This in turn may result in 
overestimation of the strength of photoproduction ampli¬ 
tude in the nr] channel. 

In order to confront our predictions with other models 
at lower energies mill , we calculated the mass distri¬ 
bution at the photon energy of 1.7 GeV which is close to 
energy used TAPS/Grystal Ball at Mainz and CB-ELSA, 
see Fig. [5j For this calculation we used normal propaga¬ 
tors in the photoproduction amplitude (Eq. (|45(l l. Our 
low energy predictions are compatible with calculations 
based on chiral unitary model [l^ and on quark model 
[l5l| . although the latter calculation was performed at 
higher photon energy of 5 GeV. It is remarkable, how¬ 
ever, that the mass distribution in the region of ao(980) 
we obtain, is about 2 orders of magnitude larger than 













FIG. 5. Mass distribution da/dMirr] at photon energy Ery=1.7 
GeV. 


the one obtained by Donnachie and Kalashikova based 
on pseudoscalar loop model. According to our calcula¬ 
tion, the photoproduction of scalar isovecotor resonances 
through dynamical formation in the final state makes 
the measurement of the ao(980) feasible at experimen¬ 
tal conditions provided by new experiments at Jefferson 
Laboratory. Similar predictions by other models make it 
inevitable to discriminate among the models by applica¬ 
tion of the more stringent tests based on the analysis of 
the polarization data. 


B. Higher partial waves 

As seen from Fig. |3]the Born component accounts for 
the large part of the overall S'—wave cross section. It 
is then natural to expect that this property should hold 
also for higher partial waves where we don’t have the 
final state rescattering amplitudes at our disposal. For 
these waves we can treat the Born cross sections as crude 
estimations of cross sections in the full model. Thus, we 
calculate the Born cross sections for the partial waves 5, 
P, D and the sum of all partial waves at the fixed 
masses corresponding to resonances ao(980) (FiglH]) and 
ao(1450) (Figl?]). The calculation was again performed 
at photon energy Ej=7 GeV and the reggeised version 
of the amplitude was used. We see that apart from 
the very forward region the double differential cross sec¬ 
tion is dominated by the 5—wave. Moreover, the lowest 
partial waves practically saturate the Born cross section 
(we do not show the sum of the S, P and U—waves as 
it is practically indistinguishable from the full cross sec¬ 
tion). The clear suppression of the odd partial waves re¬ 
sults from the cancellation of the terms in the amplitude 
which are odd functions of the angles 9 and (/> which de¬ 
scribe the direction of tt in the helicity system. Thus for 
masses around 1.5 GeV and outside the forward region 
the P— wave is over an order of magnitude smaller than 



FIG. 6. Born tttj photoproduction cross section for partial 
waves S, P and D at photon energy GeV and M,,?) 

corresponding to no (980). 



FIG. 7. Born -kt] photoproduction cross section for partial 
waves S, P and D at photon energy E^=7 GeV and M,,?? 
corresponding to ao(1450). 


D—wave and over two orders of magnitude smaller than 
the 5—wave. For masses around 1 GeV the P—wave sup¬ 
pression is also visible, although for the very small values 
of —t the P—wave dominates which results from the fact 
that the angular momentum of Trrj system ’’inherits” the 
helicity of the incident photon. 


VI. SUMMARY AND OUTLOOK 

Assuming that isovector resonances ao(980) and 
ao(1450) are dynamically produced in the final state we 
calculated the mass spectra at both the low photon ener¬ 
gies and at higher energies accessible in upgraded JLab 
facilities. The model includes both the pseudoscalars and 
vectors in the intermediate meson loop. This is why we 
do not observe the strong amplitude suppression charac- 
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teristic to models which include only pseudoscalar loops. 
Our predictions for ao(980) at photon energy Er^ =1.7 
GeV are compatible with calculations performed with 
quark model and chiral unitary model. This makes the 
values of the oq (980) photoproduction cross section large 
enough to be measured. 

The situation with ao(1450) is quite different. Molec¬ 
ular nature of this resonance is disputable. Moreover, 
the mass of the ao(1450) is above the TTrj' threshold, so 
that inclusion of the third channel, may be necessary to 
properly describe the ao(1450) photoproduction. Tak¬ 
ing the TTrj' channel into account may affect the inter¬ 
channel couplings and decrease the strength of both ttij 
elastic amplitude and KK ^ tti] transition amplitude. 
In this introductory analysis we neglected the effects of 
the off-shell meson propagation in the intermediate state, 
which means that apart from the coupling constants, and 
form factor parameters drawn from other models our ap¬ 
proach does not engage any new parameters. As mass 
distributions obtained at low photon energies in differ¬ 


ent production mechanisms are rather compatible there 
is the need for the analysis based on polarization data to 
make the more stringent discrimination among the mod¬ 
els. We also calculated the Born cross sections for partial 
waves P and D. These can be treated as crude estima¬ 
tions of the cross sections to be compnted when reliable 
parameterisations of the final state interactions in higher 
partial waves become available. Having compared the 
Born cross sections for lowest partial waves we conclude 
that the S'—wave dominates in the irr] channel and the 
odd partial waves are suppressed with respect to the even 
ones. 
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